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Maia and Erica,
 
As requested, PacRim has completed additional analysis of critical low flow conditions for Al
 bioavailability. PacRim/TetraTech were not able to determine that additional sampling would
 provide substantive toxicity information. Please ensure that this information is shared with EPA-HQ
 staff that are reviewing the project.
 
Please let me know if you have additional questions or concerns.
 
 
Brock Tabor
brock.tabor@alaska.gov
Alaska Dept. of Environmental Conservation
Division of Water: Water Quality Standards, Assessment & Restoration
(907) 465-5185
http://www.dec.alaska.gov/water/wqsar/index.htm
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310 K Street, Suite 200 
Anchorage, AK 99501 


Tel (907) 264-6714   Fax (907) 264-6602 
www.tetratech.com 


Technical Memorandum 


To:   Dan Graham 
Project Manager 


From:  Tim Reeves 
Senior Hydrologist 


Company:  PacRim Coal, LP   Date:  April 12, 2016 


Re:  Regression Analysis between various 
parameters – Stream 2003 Surface 
Water 


Project #:  114‐870038 


CC:       


 


Introduction 


This  Technical  Memorandum  (TM)  was  developed  at  the  request  of  the  Environmental  Protection 
Agency  (EPA) and  the Alaska Department of Environmental Conservation  (ADEC).   The purpose of  this 
TM  is  to provide additional analysis concerning water quality parameter  relationships at  two  stations 
within Stream 2003 (aka Middle Creek).  


Background 


In a conference call with EPA on March 21, 2016, Tetra Tech presented results from a TM that outlined 
critical  stream  conditions  which  affect  aluminum  bioavailability  and  toxicity  and  discussed  those 
conditions  in  relation  to  the Water Effects Ratio  (WER) analysis which was  conducted  in 2009  (Tetra 
Tech, 2016)1.  Within the discussion of that conference call, EPA requested further quantification of the 
potential relationships between these important parameters and with temporal factors. 


In discussions with ADEC and EPA R10 during development of the study plan, it was determined that the 
regulatory  agencies  desired WER  samples  across  a  range  of  flow  conditions  and  not  just  low‐flow 
conditions  (discussions with ADEC  September  8  and  10,  2009).   As  a  result  of  these  discussions,  an 
analysis  of  important  stream  geochemical  parameters  versus  flow  regime  (throughout  the  year  and 
across stations in different drainages) was conducted and provided to ADEC in a TM dated October 13, 
2009.    This  TM  expands  that  previous  analysis  by  quantifying  parameter  and  temporal  relationships 
using regression analysis.  For reference, the 2009 TM is provided as Attachment A. 


                                                            


1 Tetra Tech, 2016.  Technical Memorandum:  Critical Stream Conditions for Aluminum Toxicity and WER Sampling.  
TM to Dan Graham of PacRim Coal, March 16, 2016. 
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Methods 


Based on discussion in a conference call on April 1, 2016, EPA generally agreed with the conclusions of 
the  March  2016  “Critical  Conditions”  TM,  indicating  that  the  body  of  research  conducted  since 
publication of the Red Book appears to indicate that important parameters affecting aluminum toxicity 
are pH, hardness, and to a lesser extent dissolved organic carbon (DOC).  The previous critical conditions 
assessment (March 16, 2016) by Tetra Tech concluded the WER testing in 2009 was able to capture both 
pH and hardness at levels at which toxicity would be most sensitive (low pH and low hardness relative to 
normal documented ranges in the system).  EPA expressed concern that the TOC (and associated DOC) 
were at the mid‐range and not at the low range shown from baseline work.  The question posed to the 
applicant (as it was understood to be) was to see if there was another sample period that may be able to 
reliably catch a low TOC value for another WER test, and ideally have all three parameters at the most 
critical level in a single sample. 


To address this question, a linear regression was applied for these parameters at two stations on Middle 
Creek:    Station 140/141 and  Station 180.   Analyses  for each  Station were  conducted  to evaluate  the 
following relationships: 


 Total Organic Carbon (TOC) versus Flowrate; 


 TOC versus Month; 


 TOC versus Hardness; 


 TOC versus pH; 


 Hardness versus Flowrate; 


 Hardness versus pH; 


 pH versus Flowrate 


The  analysis  focused  on  evaluations  of  Coefficients  of  Determination  (r2)  to  statistically  evaluate 
potential  correlations between variables and on  temporal  factors.   By definition,  the  r2 describes  the 
proportion (or percentage) that the variation (or change)  in one variable (i.e., the dependent variable) 
can be described by the variation  in another variable  (independent variable) based on a  least squares 
regression equation. 


Results 


Scatter plots depicting the results of each  individual regression analysis at monitoring Station 140/141 
are depicted in Figures 1 through 7 and Station 180 are depicted Figures 8 through 14 .  The resulting r2 
and calculated  least squares equation  is also shown  in a  legend on each scatter plot.   A summary of r2 
results are also provided in Table 1. 


As can be seen in Table 1, the results of the analysis showed that there is no correlation or relationship 
between the three evaluated parameters in Middle Creek.  The extremely low r2 for all analyses indicate 
that  the  value  of  one  water  quality  parameter  is  not  related  to  the  value  or  variation  in  other 
parameters.   Moreover, the very  low r2 values for the analysis of TOC versus flowrate and TOC versus 
month of year, as well as evaluation of the scatter plots, show that temporal factors are not related to 
TOC  concentrations.    Effects  from  stream  flowrate  are  also  insignificant with  respect  to pH.    Slightly 
higher  r2  values of 0.65 and 0.76  for hardness  versus  flowrate analyses  suggest a weak  to moderate 
curvilinear  relationship  between  flowrate  and  hardness.    This  is  to  be  expected  because  lower  base 
stream flows are sustained by groundwater and higher flowrates result from storm runoff or snowmelt.  
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Conclusion 


These data show results of statistical analyses that demonstrate that there  is no relationship between 
parameters  considered  important  to  the  toxicity  of  aluminum.    It  also  demonstrates  that  temporal 
factors are  insignificant to parameter concentration.   A weak relationship was demonstrated between 
hardness and flowrate.  As demonstrated in the March 2016 TM discussing critical conditions, the WER 
sampling that was conducted in 2009 occurred across a range of conditions critical to the calculation of 
sight specific criteria using  the WER.   The data provided  in  this analysis strongly show  that additional 
WER sampling during high runoff or during other times of the year would not provide additional benefit 
to ADEC  in evaluating  the  criteria  that has been proposed  as determining  a  situation when  all  three 
critical condition criteria would all be at their lowest (most critical) point is unpredictable and may likely 
not  all  occur  at  the  same  time,  based  on  this  analysis.    There  are  no  reliable  correlations, with  the 
exception of perhaps  flow vs hardness,   to predict at what  levels these parameters will be during any 
given flow event or any given time of year. 


 


Table 1.  Results of Regression Analyses 


Relationship 


Coefficient of Determination (r2) 


Station 140/141  Station 180 


TOC vs Flow  0.04 0.11 


TOC vs Month  0.03 0.11 


TOC vs Hardness  0.11 0.01 


TOC vs pH  0.18 0.11 


Hardness vs Flow  0.65 0.76 


Hardness vs pH  0.11 0.01 


pH vs Flow  0.13 0.02 


No Correlation ‐ No Relationship 


Low to Moderate Correlation ‐ Weak Curvilinear Relationship 
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Figure 1.  Scatter Plot and results of regression analysis for TOC versus Flowrate at Station 140/141. 
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Figure 2.  Scatter Plot and results of regression analysis for TOC versus Month at Station 140/141. 
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Figure 3.  Scatter Plot and results of regression analysis for TOC versus Hardness at Station 140/141. 
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Figure 4.  Scatter Plot and results of regression analysis for TOC versus pH at Station 140/141. 
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Figure 5.  Scatter Plot and results of regression analysis for Hardness versus Flowrate at Station 140/141. 
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Figure 6.  Scatter Plot and results of regression analysis for Hardness versus pH at Station 140/141. 
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Figure 7.  Scatter Plot and results of regression analysis for pH versus Flowrate at Station 140/141. 
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Figure 8.  Scatter Plot and results of regression analysis for TOC versus Flowrate at Station 180. 
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Figure 9.  Scatter Plot and results of regression analysis for TOC by Month at Station 180. 
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Figure 10.  Scatter Plot and results of regression analysis for TOC versus Hardness at Station 180. 
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Figure 11.  Scatter Plot and results of regression analysis for TOC versus pH at Station 180. 
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Figure 12.  Scatter Plot and results of regression analysis for Hardness versus Flowrate at Station 180. 
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Figure 13.  Scatter Plot and results of regression analysis for pH versus Hardness at Station 180. 
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Figure 14.  Scatter Plot and results of regression analysis for pH versus Flowrate at Station 180. 
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Attachment A 


Technical Memorandum from Dan Graham, PacRim Coal 
To Pete McGee, ADEC 
October 13, 2009 
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October13, 2009


From: Dan Graham
PacRim Coal, LP
Anchorage, AK


Tim Reeves & Ron Rimelman
Tetra Tech
Denver, CO


To: Pete McGee
Alaska Department of Environmental Conservation (ADEC)
Fairbanks, AK


Cc: Site Specific Criteria Agency Review Team


Re: Additional data analysis for water quality versus flow regime for Station 141 on
2003 Creek.


The purpose of this memorandum is to provide requested data comparisons for water
chemistry parameters that commonly affect metal toxicity over different flow regimes
(high- versus low-flow) and for different water quality stations in the site area.


Background


Water quality criteria are generated based on the results of standard laboratory toxicity
tests conducted in clean laboratory water. As discussed in the site specific criteria
workplan and during phone conferences, the basic chemistry of ambient site water can
affect the toxicity and bioavailability of metals much differently than clean laboratory
water. The toxicity to metals can be affected by a variety of characteristic parameters
such as pH, hardness (e.g., calcium and magnesium), alkalinity, dissolved oxygen and
redox potential, and the degree of metal complexing agents, such as dissolved organic
carbon (DOC), as well as a variety of other interacting cations and anions. A more
detailed discussion of these parameters is provided in Appendix A of the workplan.


The WER procedure is a standard EPA protocol (EPA 1994b) by which the differential
toxicity of metals in ambient site water and standard synthetic laboratory water is
calculated. This procedure uses standard toxicity test methods to expose standard
toxicity test organisms to the metal in question in both the laboratory water (which is
similar to if not identical to the laboratory water used in generating the original criteria)
and the site-specific water. The WER procedure expresses this site-specific
bioavailability as a ratio of toxicity of a given substance (e.g., copper) in site water
relative to the toxicity of that substance in laboratory water, similar to that used to
originally to derive the criteria.
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Procedures


Tetra Tech and PacRim Coal have chosen station 141 on 2003 creek as the site to obtain
ambient water for use in toxicity testing and WER calculations. ADEC, EPA and other
cooperating agencies have requested an analysis to compare the chemistry of the water at
this station during different times of year, under different flow conditions (i.e., low-
versus high-flow), and with other stations. To accomplish this, the concentrations of
several important water quality parameters (sampled quarterly) were graphed against
continuously monitored stream flow data for the period from August 17, 2006 to
September 30, 2008. Continuous flow and recent water quality monitoring data are both
available for several stream stations during this period. Graphs were prepared for three
stations: Station 141 on 2003 Creek, which is near the location of the majority of
proposed NPDES discharges of surface water from the mine site, Station 180 on 2003
Creek, which is immediately above the confluence with the Chuit River, and Station 196,
which is in the upper reaches of 2002 Creek. For each station, graphs were prepared
showing concentrations for specific conductivity, total dissolved solids (TDS), total
alkalinity, hardness, total organic carbon (TOC), and pH versus the recorded continuous
hydrograph for the station. The comparative graphs for Station 141 are shown in
Attachment 1; graphs for Station 180 are shown in Attachment 2; and graphs for Station
196 are shown in Attachment 3.


Data Analysis


The water quality between the three stations is remarkably similar in concentration of
parameters and behavior during low- versus high-flow conditions. In general, the graphs
show that there is a small difference between the concentrations of many parameters
during low-versus high-flow conditions. Specific conductivity, and concentrations of
TDS, alkalinity, and hardness (e.g., Ca and Mg) are higher during base-flow conditions in
comparison to the concentrations during higher runoff conditions. This trend is common
in many hydrologic systems because the sources of calcium, magnesium, and carbonates
are geologic formations. The concentrations of many of these parameters are commonly
higher in groundwater. At this site, groundwater in the glacial drift formation supports
base-flow in the creeks.


In general, there is not a difference in water quality during high flows in the spring
(caused by spring break up) and high flows in the fall which result from fall rain storms.
Additionally, there is not a significant trend in pH or TOC in low-versus high-flow
conditions. pH remains very close to 7 throughout the year and across different flow
conditions; TOC is variable within a small data range but does not seem to be affected by
flow regime.
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Attachment 1


Water Quality Parameters


Versus Flow


Station 141 on 2003 Creek


Near Projected Mining Boundary







4


Station 141 - 2003 Creek
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Station 141 - 2003 Creek


Total Alkalinity


0


20


40


60


80


100


120


17
-A


ug
-0


6


6-
O
ct
-0


6


25
-N


ov
-0


6


14
-J


an
-0


7


5-
M


ar
-0


7


24
-A


pr
-0


7


13
-J


un
-0


7


2-
Aug


-0
7


21
-S


ep
-0


7


10
-N


ov
-0


7


30
-D


ec
-0


7


18
-F


eb
-0


8


8-
Apr


-0
8


28
-M


ay
-0


8


17
-J


ul
-0


8


5-
Sep


-0
8


Date


F
lo


w


(c
fs


)


0


10


20


30


40


50


60


70


80


90


100


A
lk


a
li
n


it
y


(m
g


/L
a
s


C
a
C


O
3
)


Stream Flow


Total Alkalinity


Station 141 - 2003 Creek


Hardness


0


20


40


60


80


100


120


17
-A


ug
-0


6


6-
O
ct
-0


6


25
-N


ov
-0


6


14
-J


an
-0


7


5-
M


ar
-0


7


24
-A


pr
-0


7


13
-J


un
-0


7


2-
Aug


-0
7


21
-S


ep
-0


7


10
-N


ov
-0


7


30
-D


ec
-0


7


18
-F


eb
-0


8


8-
Apr


-0
8


28
-M


ay
-0


8


17
-J


ul
-0


8


5-
Sep


-0
8


Date


F
lo


w


(c
fs


)


0


10


20


30


40


50


60


70


80


90


100


H
a
rd


n
e
s


s


(m
g


/L
a
s


C
a
C


O
3
)


Stream Flow


Hardness







6


Station 141 - 2003 Creek


Total Organic Carbon


0


20


40


60


80


100


120


17
-A


ug
-0


6


6-
O
ct
-0


6


25
-N


ov
-0


6


14
-J


an
-0


7


5-
M


ar
-0


7


24
-A


pr
-0


7


13
-J


un
-0


7


2-
Aug


-0
7


21
-S


ep
-0


7


10
-N


ov
-0


7


30
-D


ec
-0


7


18
-F


eb
-0


8


8-
Apr


-0
8


28
-M


ay
-0


8


17
-J


ul
-0


8


5-
Sep


-0
8


Date


F
lo


w


(c
fs


)


0.0


2.5


5.0


7.5


10.0


12.5


15.0


17.5


20.0


T
O


C


(m
g


/L
)


Stream Flow


Total Organic Carbon


Station 141 - 2003 Creek


pH


0


20


40


60


80


100


120


17
-A


ug
-0


6


6-
O
ct
-0


6


25
-N


ov
-0


6


14
-J


an
-0


7


5-
M


ar
-0


7


24
-A


pr
-0


7


13
-J


un
-0


7


2-
Aug


-0
7


21
-S


ep
-0


7


10
-N


ov
-0


7


30
-D


ec
-0


7


18
-F


eb
-0


8


8-
Apr


-0
8


28
-M


ay
-0


8


17
-J


ul
-0


8


5-
Sep


-0
8


Date


F
lo


w


(c
fs


)


1.0


2.0


3.0


4.0


5.0


6.0


7.0


8.0


9.0


10.0


11.0


12.0


13.0


14.0


p
H


(s
.u


.)


Stream Flow


pH







7


Attachment 2


Water Quality Parameters


Versus Flow


Station 180 on 2003 Creek


Immediately above the Confluence


with the Chuit River
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Station 180 - 2003 Creek
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Attachment 3


Water Quality Parameters


Versus Flow


Station 196 on Upper 2002 Creek
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Station 196 - 2002 Creek
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Station 196 - 2002 Creek
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